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The ProblemThe Problem

New lightweight 
composite helmets have 
increased protection 
against penetration
Result in large back-
face deformation
Increased risk of 
serious skull/brain 
injuries
No widely accepted 
evaluation procedure
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Our StrategyOur Strategy

Implement an impact force measurement 
headform

Based on injury model developed by Bass et al. 
(2003) using localized skull pressure data

Develop test procedure

Conduct experimental trials with current combat 
helmet models

Define injury function 
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Measurement System RequirementsMeasurement System Requirements

Dynamic Loads
Force < 5,000 N
Duration < 2 ms

PVDF gauge

Load cell

Evaluation under 
ballistic loading 
conditions
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Instrumentation SelectionInstrumentation Selection
PVDF Gauge (Ktech)

PVDF Gauge (Dynasen)

Load cell (Kistler)

applied measured
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Force applied vs. measuredForce applied vs. measured

R2 = 0.227
R2 = 0.673

R2 = 0.929
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Impact Force Measurement HeadformImpact Force Measurement Headform

48 mm

34 mm

Pressure sensitive film to 
measure loading area
Pressure sensitive film to 
measure loading area
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Helmet Performance EvaluationHelmet Performance Evaluation

3 Combat Helmet Models

Similar Ballistic Limit (V50)

9mm FMJ

350 m/s < v < 450 m/s
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Headform ResponseHeadform Response

Peak Force of Individual Load Cells

Peak Force of Sum of Load Cells

Impulse
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Individual Peak ForcesIndividual Peak Forces
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Individual Peak ForcesIndividual Peak Forces
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Skull Fracture Injury FunctionSkull Fracture Injury Function
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Transfer FunctionTransfer Function

Force vs. velocity
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Load DistributionLoad Distribution
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ConclusionsConclusions

Miniature load cell suitable to measure helmet 
backface loading

Instrumented headform was able to quantify the 
performance of ballistic helmets

Can be used to predict the risk of skull fracture
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LimitationsLimitations

Injury function valid only for concentrated load

Contact area > sensing area

Peak force must be within sensing area

Does not address distributed forces (rigid 
helmets)
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Way aheadWay ahead

Additional impact locations (e.g. front, rear)

Consider other measurements (head 
acceleration) 

Review data analysis procedure (peak, sum, 
impulse)

Calibration procedure

Laboratory re-enactments of injurious cases
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